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(57) Abstract 

An intraoral light emitting 
curing apparatus 'or curing dental 
material includes a housing and a 
source of light. The light source 
includes at least one laser diode 
that emits light within the wave- 
length of about 630 nm to about 
1100 nm. The laser diode re- 
quires relatively little power and 
is compact, such that use of the 
apparatus in the oral cavity is fa- 
cilitated. 
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5 ANP-HELD INTRAORAL CURTNG APFARATUS 

^^^Ifgrft""'^ Invention 
1, iTj^lriiif the Invention 

10 

This invention relates broadly to a light emitting curing apparatus for dental 
materials. In particular, this invention relates to a photocuring apparatus for dental 
materials comprising a device that provides near infrared light. More particularly, 
this invention relates to portable, small, hand-held, dental photocuring apparatus 
1 5 that has a wavelength specific laser diode for emitting near-infrared light that is 
utilized as the light source for photopolymerization of dental materials. 

1 nescription of the Related Art 

20 Photocurable dental materials are a convenience to the dentist because the 

curing process can be initiated when desired. For example, a dental restorative 
material may be placed in a tooth cavity and manipulated as needed until the 
dentist is satisfied that the restorative is orientated in its proper position. A source 
of light held adjacent the restorative is then activated to initiate polymerization of 

25 the restorative material and to securely fix the restorative material in place in the 
tooth structure. 

Light sources suggested for use in curing dental adhesives, sealants, and 
restorative materials often have a rigid light guide made of a bundle of optical 
fibers that are fiised together. Such light sources are described, for example, in 
30 U.S. Patent Nos. 4,888,489 and 5,147,204, both of which are assigned to the 
assignee of the present invention. Unfortunately, it is somewhat difficult to use 
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such a light in the oral cavity since space in the oral cavity is somewhat limited. 
Additionally, the patient may experience discomfort due to heat generated by the 
light. As a result, the light source may not be directed toward all regions of the 
dental material to the photocured, resulting in an incomplete cure and possibly a 
5 failure of the dental material at a subsequent time. 

The rigid, angled light guide that is characteristic of some known light 
curing apparatus is swivelable about its major, longitudinal axis in order to 
facilitate the positioning of the emitted Ught. To swivel the light guide relative to 
the housing of such apparatus, the light guide may be turned by grasping the Ught 
10 guide with one hand and gripping a handle of the housing with the opposite hand. 
However, such a procedure maybe cumbersome in the dental operatory and 
difficult to quickly perform. Grasping of the light guide may also increase the 
likelihood of contamination of the Ught guide and thereby also increase the 
patient's risk of infection. 
15 Photopolymerization of dental materials is often accomplished using a blue 

light (such as light having a wavelength in the range of 400 to 500 nm) that has 
been emitted from a broad band xenon bulb source and passed through a filter. A 
photoinitiator (for example, camphorquinone) absorbs the blue light and, in 
combination with a donor molecule, generates free radicals for 
20 photopolymerization. However, blue light emitted from a dental light curing 

apparatus having a xenon bulb is only a fraction of the total light emitted from the 
bulb and thus the efficiency of the light source is limited. Moreover, during 
conventional intraoral photocuring procedures, considerable heat is created by the 
xenon bulb and a cooling mechanism such as a fan is typically provided to 
25 dissipate the heat. Both of the above-mentioned factors (i.e., the non-specificity of 
wavelength and the heat generation by the light source) contribute to the relatively 
large and bulky form of dental curing lights currently commercially available. 
Also, such factors limit the amount of useful light energy available and tend to 
increase the time necessary to obtain a satisfactory cure of the dental material, 
30 resulting in an increase in the practitioner's time and in the discomfort of the 
patient. 
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Moreover, fluorescent room lighting as is typically found in dental _ 
operatories provides significant photoenergy in the spectral region of 400 to 500 
ran that may be absorbed by contemporary photoinitiator systems of conventional 
dental materials. Unless special precautions are taken, photoenergy emitted by 

5 fluorescent room lightmg may be absorbed by the photoinitiator systems in a 
quantity sufficient to unduly limit the working time of the dental material. 

Dental curing apparatus having solid state emitters have also been 
suggested in the past. However, to date such curing apparatus have been generaUy 
unsatisfactory for one reason or another. There exists a need in the art for a dental 

1 0 curing apparatus that is highly maneuverable and yet functions to cure the selected 
draital material within a relatively short period of time. 

Rnmniarv nf the. Invention 

15 The present invention is directed toward an intraoral light emitting curing 

apparatus that comprises a housing, a source of light coupled to the housing and a 
source of power connected to the light source. The light source includes at least 
one laser diode that emits Ught within the wavelength of about 630 nanometers to 

about 1100 nanometers. 

20 The apparatus of the invention provides significant benefits when compared 

to other known light emitting apparatus for curing dental materials. The laser 
diode provides sufficient energy in the emitted light to satisfactorily cure dental 
materials such as restorative materials in a reasonable amount of time while 
requiring relatively littie power. As a consequence, a battery may optionally be 

25 used as a source of power for the apparatus such that the apparatus can be self- 
contained and need not be tethered to an external source of power. 

The laser diode of the apparatus also avoids the need for a fim or other 
cooling mechanism and as a consequence the apparatus can be relatively small and 
compact and light in weight. Such an apparatus is highly maneuverable, a 

30 particular advantage when used in a dental operatory in instances where access to 
the dental material in the oral cavity is somewhat limited. Use of a solid state 
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mechanism avoids the need of a fan or other cooling mechanism and as a result the 
apparatus is relatively quiet during operation. 

^B-jyf p^^i^pptlnn of the Drawin£S 

5 

Fig. 1 is a front, top, right side perspective view in exploded form 
illustrating a hand-held intraoral curing apparatus according to one embodiment of 

the present invention; 

Fig. 2 is a right side elevational view of the apparatus of Fig. 1 as it appears 
10 once assembled, and wherein a portion of a housing of the apparatus has been cut 
away in section to reveal inner components; 

Fig. 3 is a right side elevational view of an intraoral curing apparatus • 
according to another embodiment of the invention; 

Fig. 4 is aright side elevational view of an intraoral curing apparatus 
1 5 according to yet another embodiment of the invention; 

Fig. 5 is plan view of the apparatus illustrated in Fig. 4; and 

Fig. 6 is an enlarged perspective view of a laser diode of the apparatus 
shown in Figs. 4 and 5. 

20 nptfliled Desc ription of the Preferred Embodimgfflte 

A dental curing apparatus according to one embodiment of the invention in 
illustrated in Figs. 1 and 2 and is broadly designated by the numeral 10. The 
curing apparatus 10 includes a cylindrical housing 12 and a rigid hght guide 14 that 

25 is releasably received in a socket of the housing 12. Preferably, the housing 12 has 
a generally cylindrical shape with a diameter sufficiently small to comfortably fit 
within the grip of one hand of the practitioner. An example of a suitable diameter 
is a diameter that falls within the range of about 0.7 cm to about 3 cm, and more 
preferably has a diameter that falls within the range of about 1.4 cm to about 

5v* 2.5 cm. 
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The light guide 14 is swivelabie about its major longitudinal axis relive to 
the housing 12. The light guide preferably is made of a bundle of optical fibers 
that have been fused together. Suitable light guides 14 include, for example, 3M 
13 mm. light guide, part no. 78-8060-9552-3 from 3M Company. Other light 
5 guides are also possible, such as light guides from Lumitex, Inc. or Ught guides 
made of optically clear plastics. 

A semi-conductor laser diode 16 is received in an inner compartment of the 
housing 12 as illustrated in Fig. 2. Preferably, the laser diode 16 emits light having 
wavelengths in the near-infiared range of about 630 nanometers to about 1 100 
10 nanometers and more preferably in the range of about 700 nanometers to about 
HOG nanometers. An example of a suitable laser diode is a Sharp Electronics 40 
milliwatt laser diode (catalog no. LT025MD, from ThorLabs Inc.) that emits light 
having a wavelength of about 780 nanometers. 

The laser diode 16 is electrically connected to driver 18 that, in turn, is 
15 electrically coupled to a controller 20. The driver 18 serves to modify the incoming 
electrical energy as needed to provide a steady or pulsed signal of a certain 
specified voltage to drive the laser diode 16. The controller 20. includes a 
microprocessor or microcontroUer and provides an output for controlUng the driver 
1 8 in accordance wifli received input signals. As an option, the controller 20 
20 prevents flie electrical energy from reaching the laser diode 1 6 if the voltage is less 
than a certain predetermined value, to ensure that the light if emitted is of sufficient 
intensity to cure the photocurable dental material to a sufficient degree within a 
certain amount of time. The laser diode 16, the driver 18 and the controller 20 can 
be obtained as an assembly known as a laser system or projector from Lasiris Inc. 
25 A source of power such as a battery 22 is electrically connected to the 

controller 20. Suitable batteries include, for example, alkaline batteries, size AA or 
AAA with an output of 1.5 volts. Optionally, the battery 22 is a nickel-cadmium 
rechargeable battery. Access to the battery 22 is provided througih a removable 
side or rear battery cover. Alternatively, the source of power comprises a power 
30 coTd that is connected at one end to a conventional electrical outlet in the 

practitioner's office, and on the other end to a remote transformer that, in turn, is 
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electrically coupled to the controller 20. As another option, the controller, driver 
and transfonner are contained within a second housing that is remote from but 
electrically coupled to the housing 12. 

The curing apparatus 10 also includes a lens 24 that is located between the 
5 laser diode 16 and the upstream or receiving end oftheUght guide 14. An example 
of a suitable lens 24 is apolymeric collimating lens. Alternatively, a pattern head 
can be used, such as no. 507C concentric circle pattern head, from Lasiris Inc. 
Light emitted by the laser diode 16 and felling on the lens 24 is projected onto the 
receiving end of the light guide 14. The light is then directed along the length of 
10 the light guide 14 and emitted from its outer or downstream end. 

A normally off push button switch 26 is located on a outer surface of the 
housing 12. The switch 26 is connected by electrical leads to the controller 20 and 
when depressed causes the controller 20 to activate the laser diode 16. When the 
switch 26 is released, the controUer 20 simultaneously interrupts the flow of 
1 5 current to the laser diode 16. Alteanatively, however, the controller 20 may be 
programmed to activate the laser diode 16 for a predetermined length of time 
whenever the switch 26 is depressed regardless of when the practitioner releases 
the switch 26. 

Optionally, the controller 20 may be programmed to cause the driver 22 to 
20 send a steady signal to the laser diode 16 that increases is intensity over a period of 
time, or to send a pulsed signal to the laser diode 16 that increases in intensity or 
duration (or both) over the same time period. Such operation may faciUtate curing 
or optimize the curing in certain instances. For example, certain dental materials 
when cured using conventional curing apparatus may unduly in one region relative 
25 to other regions, especially if light from the curing apparatus does not reach all 
regions in a uniform manner. By increasing the available light energy over a 
period of time, undue polymerization shrinkage effects caused by localized curing 
in the restorative material can be reduced. 

An indicator 28 provides a signal that the laser diode 1 6 is operating and 
30 emitting light. The indicator 28 as illustrated in embodiment shown in Figs. 1 and 
2 comprises a sohd state light source such as one or more light emitting diodes that 
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emit light having wavelengths in the visible range (e.g., from about 400 
nanometers to about 700 nanometers). The indicator 28 provides an important 
advantage in alerting the practitioner that the laser diode 16 is emitting light since 
the Ught from the laser diode 16 may not fall within the range of wavelengths that 

5 are visible to the unaided eye. 

The indicator 28 is located on an outer surface of the housing 12 and 
preferably near the front end of the housing 12 adjacent the light guide 14 so that 
light from the indicator 28 can be readily observed when the apparatus 10 is held in 
the practitioner's hand. The indicator 28 is electrically connected to the controller 

10 20 and is activated by the controller whenever light is emitted from the laser diode 
16. 

As another alternative, the indicator could comprise one or more other 
types of signals that inform the user that the laser diode 1 6 is emitting light. For 
example, the indicator could provide an audible signal that can be heard whenever 

15 the laser diode 16 is emitting light, or that can be heard at pre-determined intervals 
of time (for example, a short beep that can be heard every 10 seconds). Other types 
of indicators include small digital or analog meters that indicate the strength of 
light emitted from the laser diode 16, and also vibratory mechanisms. 

Furthermore, the indicator could comprise combinations of the indicators 

20 mentioned above. For example, the indicator could include indicator 28 that is 
present continuously whenever light is emitted from the laser diode 16 as well as 
an audible indicator that beeps at certain time intervals (such as 10 second 
intervals) during the period of time that the laser diode 16 is emitting light. 
Providing audible signals at predetermined time intervals advantageously enables 

25 the practitioner to determine the length of time that the photocurable dental 

material has been exposed to hght from the laser diode 16 so that the practitioner 
can be assured that sufficient curing of the dental material has occurred. 

Additionally, the apparatus may include a light source that provides a 
tracking or targeting beam of visible light that is directed along a path that is 
30 cclmear to the direction of the emitted light from the laser diode 16. In such an 
instance, the targeting beam hght source may include a solid state light source 



-7- 



PCT/US98/04521 

WO 99/22667 

(such as one or more red hght emitting diodes or a second, lower power laser 
diode) that is positioned next to the laser diode 16 such that the targeting light is 
also directed through the focusing lens 18 and the light guide 14 simultaneously 
with light emitted from the laser diode 16. As a result, Ught from the targeting 
5 Ught source serves to indicate the area receiving light from the laser diode 16 and 
also inform the practitioner that the laser diode 16 is emitting Ught. Light from the 
targeting Ught source according to this alternative may also serve to help illuminate 
the work site, a particular advantage when the work site is in a remote, posterior 

region of the oral cavity. 
10 The embodiment of the invention that is depicted in Fig. 3 includes an 

intraoral curing apparatus 10a. The apparatus 10a is identical to the apparatus 10 
described above except that the apparatus 10a includes a hygienic sheath 30. The 
t^naining numbered elements are the same as like-numbered elements described 
above with reference to Figs. 1 and 2, and as such a detailed description of these 
15 siemaitsneednotberqpeated. 

The sheath 30 extends over the housing 12 and the ligjit guide 14 in 
surrounding relationship and is preferably mide of aplastic material (such as. for 
example, polyethylene) having sufficient flexibiUty to enable the practitioner to 
depress the switch 26 when covered by the sheath 30. The sheath 30 preferably has 
20 a sock-like configuration that matches the external configuration of the apparatus 

10a for matmg reception, and has a closed end adjacent the front end of the light 
guide 14 and an open end adjacent the rear end of the apparatus 10a for detachment 
of the sheath 30 from the housing 12 when desfred. Alternatively, the sheath 30 
could cover only the housing 12 and have an opening through which the light guide 
25 14 projects. 

Preferably, the plastic material of the sheath 30 is sufficiently transparent or 
translucent to enable the practitioner to readily view the indicator 28 and also 
determine the location of the switch 26 by visual inspection. In addition, the 
plastic material does not absorb an undue amount of the light emitted from the light 
30 guide 14 during passage of the light through the sheath 30. Preferably, the plastic 
material is relatively inexpensive and may be disposed of after use with a single 
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patient, so that the likelihood of transferring communicable diseases and the Uke 
from one patient to another is substantially reduced. As an alternative, however, 
the sheath 30 may be made of a rigid or flexible material that can be sterilized for 
re-use (by, for example, an autoclaving procedure). 
5 A dental curing apparatus 10b according to another embodiment of the 

invention is depicted in Figs. 4 and 5. The apparatus 10b includes a housing 12b 
that comprises a container 40b. a sub-housing 42b and a neck portion 44b 
interconnecting the container 40b and the sub-housing 42b. Although not shown, 
the container 40b includes a compartment that preferably houses a driver, a 
10 controller and a battery that are similar to the driver 18. the controller 20 and the 
battery 22 described above. 

The container 40b as well as the neck portion 44b are elongated and extend 
along a central reference axis that is designated 46b in Fig. 4. As illustrated, the 
neck portion 44b is cylindrical and has an outer diameter that is substantially 
15 smallerthantheaveragediameterof.thecontainer40b. More particularly, the neck 
portion 44b has a cross-sectional area in reference planes perpendicular to the 
central reference axis 46b that is less tiian the cross-sectional area of the container 
40b as well as the sub-housing 42b. 

The sub-housing 42b has an overall generally cylindrical configuration with 
20 a central axis that is designated by the numeral 48b in Fig. 4. As shown, the axis 
48b extends at an angle relative to the axis 46b. The angle between the axes 46b. 
48b is preferably in ttie range of about 0 degrees to about 90 degrees, and more 
preferably is in a range of about 40 degrees to about 75 degrees. Such an angle 
facilitates directing emitted light to various selected locations in the oral cavity. 
25 Optionally, a pivotal connection is provided to couple tiie sub-housing 42b to the 
neck portion 44b and enable selective adjustment of tiie angle between the axes 
46b and 48b. 

The apparatus 10b includes a semi-conductor laser diode 16b that is shown 
alone in Fig. 6. The laser diode 16b is received in a chamber of the sub-housing 
30 42b and has a central axis that is aligned with the reference axis 48b. A front end 
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of the laser diode 16b has an optically clear window 50b that is optionally also a 
focusing lens. 

The sub-housing 42b also has an optically clear window 52b that is 
optionally a focusing lens. The window 50b of the laser diode 16b is aligned with 
the window 52b. An example of a suitable laser diode is the above-mentioned 40 
milliwatt laser diode from Sharp Electronics. 

Electrical leads extend along an inner channel of the neck portion 44b and 
electrically interconnect the laser diode 16b and Ihe driver within the container 
40b. Alternatively, the laser diode 16, the driver and the controller could be 
contained within the sub-housing 42b. Optionally, releasable coupling structure is 
provided to detach the neck portion 44b from the container 40b when desired so 
that the neck portion 44b along with the sub-housing 42b can be sterilized, for 
example, by an autoclaving procedure without subjecting the container 40b to the 
same procedure. A suitable coupling structure is a socket in the container 40b that 
slidably and securely receives the rear portion of the neck portion 44b. Although 
not shown in detail, a releasable electrical connector is provided so that the 
electrical leads within the neck portion 44b are electrically connected to electrical 
leads in the container 40b whenever the neck portion 44b is connected to the 
container 40b. 

Preferably, the sub-housing 42b is swivelable relative to the container 40b 
in reference planes perpendicular to the axis 46b. As one example, the neck 
portion 44b may have a cyhndrical rear end portion to permit rotatable movement 
in the front socket of the container 40b. The neck portion 44b is moveable in an 
arc about the axis 46b relative to the socket in order to enable the sub-housing 42b 
to pivot relative to the container 40b. In that instance, the electrical connector may 
comprise any suitable releasable, rotatable electrical connector, such as a series of 
spaced ^art electrical contacts on the rear end portion of the neck portion 44b that 
engage respective, spaced apart contact rings which extend around the paiphery of 
the socket. 

As an option, the neck portion 44b is flexible and can be moved to any one 
of a number of different configurations to facilitate directing the light emitted from 
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the laser diode 16b in the oral cavity. In instances where the neck portion 44b is 
flexible, the neck portion 44b preferably retains its sh^e and self-supports itself as 
well as the sub-housing 42b. 

Preferably, the apparatus 10b includes an mdicator similar to the indicator 
5 28 described above. The indicator may be mounted on the container 40b, on the 
neck portion 44b or on the rear end of the sub-housing 42b. As other options, the 
indicator may also comprise an audible signal or a targetmg beam of light as also 
mentioned above. 

Those skilled in the art will recognize that a number of other variations and 
10 additions are possible to the embodiments described above without departing from 
the spirit of the invention. For example, the apparatus 10b may be provided with a 
hygienic sheath similar to the sheath 30 mentioned above. As another example, the 
housings 12, 12a may be replaced by a housing having a bulged battery 
compartment located beneath the central axis of the apparatus or a housing having 
15 a pistol-grip configuration. The housing could also have a knurled surface or one 
or more flait surface portions to faciUtate the user's grip. A number of other 
modifications are also possible. As such, the invention should not be deemed 
limited to the specific embodiments described in detail above, but only by a fair 
scope of the clauns that follow along with their equivalents. 

20 

gypmmmtat Examples 



Example 1 

In this example, the photoinitiator was Dimethyl {4[l,5,5,-tris(4- 
25 dimethylaminophenyl)-2,4-pentadienylidene]-2,5-cylcohexadien- 1 -ylidene} 

ammonium perchlorate (from Aldrich). A resin composition containing 50% by 
weight each of Bis-GMA (diglycidylmethacrylate of Bisphenol A) and TEGDMA 
(triethyleneglycol dimethacrylate) was prepared, A mixture was prepared 
containing 2.5 g of the resin composition, 10.0 g of silane-treated filler, a solution 
30 containing the photoinitiator (0.02g in ca. 0.2g acetone), a solution containing 
tetraheptylammonium triphenylbutylborate (0.3g in ca. 0.6g acetone), and a 
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solution containing diphenyliodonium SbFg" (0.2g in ca. 0.4g dichloromethane). 
The mixture was thoroughly handmixed using a metal spatula to produce a blue 
mixture. 

A small portion (about Ig) of the mixture was placed on a plastic surface and 
5 exposed to light fcom a laser diode assembly (Lasiris brand 50 milliwatt laser 
module, catalog no. SNF-507C-780-50) at a distance of about 3 cm. The 
composition rapidly photobleached within 10 seconds from the original blue color 
to colorless, and polymerized to a hard solid. The original control mixture 
remained blue and unpolymerized. 
10 gyample 2 

A mixture was prepared according to Example 1 except that the photoinitiator was 
IR140'*'C104-(from Kodak). A small portion (about Ig) of the mixture was placed 
on a plastic surface and exposed to light from the laser diode identified above at a 
distance of about 3 cm. The composition rapidly photobleached within 10 seconds 
15 from the original blue color to pink, and polymerized to a hard solid. The original 
control mixture remained blue and unpolymerized. 

A mixture was prepared according to Example 1 except that the photoinitiator was 
IRl 32+C 104-(from Kodak) and the resulting mixture had a pale blue color. A 

20 small portion of the mixture (ca. Ig) was placed on a plastic surface and exposed to 
light from the same laser diode at a distance of about 3 cm. The composition 
rapidly photobleached within 10 seconds from the original pale blue color to a pale 
blue-yellow color, and polymerized to a hard solid. The original control mixture 
remained pale blue and unpolymerized, 

25 Exappl^ 4 

A mixture was prepared according to Example 1 except that the photoinitiator was 

IR99'^SbF6"(from Glendale Protective Technologies) and the resulting mixture had 

a pale green color. A small portion of the mixture (ca. 1 g) was placed on a plastic 
surfiice and exposed to Ught from the same laser diode at a distance of about 3 cm. 
30 The composition rapidly photobleached within 10 seconds from the original pale 
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green color to a yellow color. The composition had also polymerized to a hard 
solid. The original control mixture remained pale green and unpolymerized. 
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Claims: 

1 . An intraoral light emitting curing apparatus comprising: 

a housing, a source of light coupled to said housing and a source of 
5 power connected to said source of light, said source of light including at least one 
laser diode that emits light having a wavelength within the range of about 630 
nanometers to about 1100 nanometers. 

2. An intraoral light emitting curing apparatus according to claim 1 , 

1 0 wherein said laser diode emits light having a wavelength withm the range of about 
700 nanometers to about 1 100 nanometers. 

3. An intraoral light emitting curing apparatus according to claim 1, 
and including an indicator to indicate when said laser diode is emitting light 

15 

4. An intraoral light emitting curing apparatus according to claim 3, 
wherein said indicator provides an audible signal when said laser diode is 
operating. 

20 5. An intraoral light emitting curing apparatus according to claim 3, 

wherein said apparatus includes a visible signal distinct from light emitted by said 
laser diode to indicate that said laser diode is emitting light. 

6. An intraoral light emitting curing apparatus according to claim 5, 
25 wherein said visible signal comprises a light beam tliat is essentially colinear with 

light emitted by said laser diode. 

7. An intraoral light emitting curing apparatus according to claim 1, 
wherein said housing includes a compartment for receiving a battery. 

30 
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8. An intraoral light emitting curing apparatus according to claim 1, 
wherein said housing includes a container for receiving a battery, a sub-housing 
containing said at least one laser diode and a neck portion interconnecting said sub- 
housing and said container, wherein said housing has a central axis, and wherein 
said neck portion has a cross-sectional area in reference planes perpendicular to 
said central axis that is less than the cross-sectional area of said container and of 
said sub-housing. 

9. An intraoral light emitting curing apparatus according to claim 8, 
wherein said neck portion is rigid. 

10. An intraoral light emitting curing apparatus according to claim 8, 
wherein said neck portion is flexible. 

11. An intraoral light emitting curing apparatus according to claim 9, 
wherein said neck portion may be changed to any one of a number of different, 
self-supporting configurations. 

12. A method of curing dental material fhat comprises the step of 
directing light from a laser diode having-a wavelength in the range of about 630 
nanometers to about 11 00 nanometers toward a photocurable dental material for a 
time sufBcient to at least partially cure the dental material. 



-15- 



wo 99/22667 



PCT/US98/04521 



1 3 . The method of claims 1 1 and additionally including the step of 
providing an indicator to indicate when the laser diode is emitting Hght. 

14. The method of claim 1 3 wherein the indicator provides an audible 

signal. 

15. The method of claim 13 wh^ein the indicator provides a visible 

signal. 

16. The method of claim 12 including the step of providing a housmg that 
contains the laser diode as well as a battery electrically connected to the laser diode. 
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AMENDED CLAIMS 
[received by the International Bureau on 08 September 1998 (08.09.98); 
original claim 13 amended ; remaining claims unchanged (1 page)] 

13. The method of claim 1 2 and additionally including the step of providing 
an indicator to indicate when the laser diode is emitting light. 

14. The method of claim 1 3 wherein the indicator provides an audible 

signal. 

15. The method of claim 1 3 wherein the indicator provides a visible signal. 

16. The method of claim 1 2 including the step of providing a housing that 
contains the laser diode as well as a battery electrically connected to the laser diode. 
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